which are usually difficult to separate on NP and RP columns. In addition, it is noteworthy that IgG 9 glycopeptides consisting of isomeric N-glycans and the same peptide sequences can be sufficiently 10 separated on a ZIC-HILIC column. The latter feature (i.e., selectivity) was also demonstrated by 11 easily separating two peptide groups with/without N-glycans. Thus, we note that the ZIC-HILIC 12 column is highly promising for a simple analysis of N-glycans and N-glycopeptide samples. 
Introduction

15
Glycosylation is one of the most common post-translational modifications of proteins. It is related 16 to numerous biological processes [1] . To better understand the roles of glycoproteins, it is important 17 to elucidate oligosaccharide (glycan) structures [2] . However, oligosaccharides make up some of the 18 -3 -most complex and challenging samples for chromatography because of the structural diversity of 1 oligosaccharides (composition, sequence, anomeric character, linkage position, and branching 2 pattern) and, as a result, the existence of many isomers. Thus far, several types (reversed-phase (RP), 3 normal-phase (NP), ion exchange, size exclusion) of HPLC have been used extensively in the 4 separation of glycans and glycopeptides [3] . Among these methods, RP-HPLC and NP-HPLC have 2-aminobenzamide (AB) [6] [7] [8] ), and permethylated glycans [9] . The HPLC methods based on both 7 the RP-and NP-column separations are referred to as the two-dimensional (2D) mapping method the separation of non-derivatized/derivatized glycans. One is the RP-HPLC method, which uses a 10 porous graphitized carbon (PGC) column [11] [12] [13] [14] [15] [16] . The other is hydrophilic-interaction 11 chromatography (HILIC) using silica, amino, amide, cellulose, cyclodextrin [17] [18] [19] [20] [21] [22] [23] [24] . In addition, it 12 has been reported that these PGC [15, 25] , cellulose [26] , and ZIC-HILIC [27] columns can be used 13 for selective purification/enrichment of glycopeptides from a large amount of peptides and also, the 14 HILIC method can separate sialylated glycopeptide isomers from recombinant human interferon-γ 15 [28] . 16 In this study, we apply a commercially available ZIC-HILIC column with sulfobetaine groups to 17 the separation of PA N-glycans and tryptic peptides of human serum immunoglobulin G (IgG). 
Sample preparation
Desialylated PA N-glycans from IgG, shown in Table 1 , were prepared following the method 1 previously described [36] . Tryptic peptides of IgG, shown in Table 1 , were prepared as follows. 
ZIC-HILIC/ESI-IT MS analysis
11
Experiments were performed by using a HPLC/MS system consisting of a Hitachi LaChrom HPLC 12 system with a fluorescence (FL) and ultraviolet detector (UV) and a Hitachi M-8000 3DQ (ion trap: Excitation (Ex) and emission (Em) wavelengths of the FL detector were set at 320 nm and 400 nm, 2 respectively. A value of 220 nm was used for UV detection. Table 1 ). In particular, the latter isomers (f and g) are 10 known to be difficult to separate on both the RP (C18 and C30) and NP (amide) columns (i.e., Figure 1B ). We also note that these isomers derivatized with AB have been partially separated on 3
NP-HPLC [7].
4
From the results shown in Figure 1 , it can be seen that the ZIC-HILIC method has superior 
ZIC-HILIC separation of tryptic peptides of human serum IgG
12
Next, we applied the ZIC-HILIC method to tryptic peptides of human serum IgG. Tryptic peptides Figure 2D shows MCs of the major N-glycopeptides (see Table 1 ).
2
Human serum IgG consists of the major two subclasses, IgG-1 and IgG-2. Their tryptic peptide 
Conclusion
16
The HPLC method using a ZIC-HILIC column with sulfobetaine groups showed high structural 17 recognition capability for isomeric neutral PA N-glycans, which are known to be difficult to separate PA N-glycans and major N-glycopeptides from human serum IgG in Figures 1 and 2 . 
